The determination of ascorbic acid in biological fluids has already received considerable attention. The actual assay of this vitamin by the use of 2,6-dichlorophenol indophenol in which molar solutions of the dye are reduced by equivalent molar solutions of this particular organic acid is dependent on the following:
(a) Elimination of interfering reducing substances such as cysteine, glutathione, and other compounds containing sulphhydryl groups, and (b) inhibition of the oxidation of ascorbic acid present in samples and filtrate systems.
Tillmans, Hirsch and Hirsch (1) first developed the method of determining the presence of ascorbic acid in serum. This and subsequent methods of assaying ascorbic acid in plasma have been discussed by Pijoan and Klemperer (2) who have shown that in plasma the r6le of the interfering R-S-H compounds is negligible and that the important feature is to prevent the oxidation of ascorbic acid.
However, this finding is not true for most biological fluids, and the presence of R-S-H compounds becomes an important factor. Emmerie and van Eekelen (3, 4) demonstrated that in the urine and tissue extracts the indophenol reducing substance was not ascorbic acid but rather the end products of protein metabolism, and direct titration of urine with dye yielded errors of considerable magnitude. Plaut and Biilow (5) and Tatsumi, Nagao, Okamura and Gamo (6), in determining the ascorbic acid content of cerebrospinal fluid, used the method of direct titration and in some instances the method of van Eekelen and Emmerie in which interfering substances were removed.
In this laboratory (7) the experiments of van Eekelen and his coworkers have been repeated and while their method is the only one which attempts to determine the quantity of ascorbic acid in biological fluids there were certain factors which had to be reconsidered. The use of mercuric acetate to precipitate out the R-S-H compounds results in a slight loss of ascorbic acid. This occurs chiefly when the mercuric acetate reacts with H2S to form mercuric sulphide. Furthermore, van Eekelen and his coworkers realized that in collection and deproteinization there was an oxidation of ascorbic acid. To overcome this loss they attempted to reduce the oxidized acid into its original state by the use of H2S, and to obviate the reduction of 2, 6-dichlorophenol indophenol by H2S they aerated the filtrates with nitrogen. Oxidation-reduction experiments performed in this laboratory by the use of the foregoing systems never gave quantitative results although the method appeared to be the best available for the study of urine and tissue ascorbic acid. We therefore were led in our studies to eliminate the effects of the oxidation of ascorbic acid and of the r6le of the interfering reducing substances in colorimetry. Almost complete inhibition of the oxidation of ascorbic acid in biological systems can be carried out by KCN. However, the elimination of interfering substances is not an easy performance. Patients on a high protein diet will, as Heinemann (8) has shown, eliminate considerable reducing substances in the urine, and this is proportionable to the intake of protein or compounds containing the S-H group.
On reconsideration of the problem we were impressed by two factors that have been developed by Mindlin (9) .
(1) The dye, 2,6-dichlorophenol indophenol, is fairly stable in a buffer acetate system at a pH of 4.63 and does not undergo reduction by any of the reagents used for deproteinization.
(2) The reduction of the dye by compounds containing sulphhydryl groups occurs at a much slower rate than its reduction by ascorbic acid.
By (Figure 1 ).
GENERAL PRINCIPLES AND METHODS
The spectrophotometric curve of the rose-violet color of 2,6-dichlorophenol indophenol in an acetate buffer system at pH 4 Figure 2 . It can be seen that there are present other reducing substances in spinal fluid as compared in blood plasma and that the values taken at a 5 seconds reading are identical. Both samples were taken simultaneously from the same subject.
Plaut and Bulow (5), by the use of direct titration which measured total reducing substance or by the use of mercuric acetate filtrate, obtained variable results which in most instances yielded values for cerebrospinal fluid surprisingly higher than those found in plasma. We were unable to obtain such findings, and in most cases, as shown in Table I (Table II) . In light of the recent work of Barron and his associates (11) and of King and his coworkers (12) it appears that " oxidases," enzymes involved in the oxidation of ascorbic acid, are unlikely and that the oxidation of organic acid must be chiefly attributed to minute amounts of copper; a process which can be inhibited by KCN. The addition of known amounts of cysteine to the ascorbic acid-cerebrospinal fluid system yields an almost complete reduction of the dye at the end of 5 minutes. In short, it would appear from the readings presented in the figure and tables that the ideal time for noting the galvanometer deflection is at the end of 10 seconds. CONCLUSIONS 1. A method is presented for the assay of ascorbic acid in cerebrospinal fluid. The method differs from that of plasma where titrations can be carried out in that the effects of interfering R-S-H substances must be eliminated.
2. The values for ascorbic acid in the cerebrospinal fluid are similar to those found in plasma.
The relationship between the velocity of the reduction of the dye due to ascorbic acid and R-S-H compounds was elaborated previous to our work in a study on blood by Dr. Butler and Dr. Mindlin (vide reference 9). We express our thanks for their advice and criticism.
